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(57) Abstract: A solar cell comprising a light-absorption layer of a compound semiconductor with a chalcopyrite crystal structure 
and having excellent characteristics such as the conversion eflScient. The solar cell comprises a first electrode layer, a second elec- 
trode layer, a p-type semiconductor layer interposed between the first and second electrode layers, and an n-type semiconductor 
layer interposed between the p-type semiconductor layer and the second electrode layer. The p-type semiconductor layer comprises 
a semiconductor containing a group lb element, a group Hlb element, and a group VI element and having a chalcopyrite structure. 
The bandgap of the p-type semiconductor layer increases ftom the n-type semiconductor layer side toward the first electrode layer 
side monotonously. The bandgap of the p-type semiconductor layer at the major surface on the n-type semiconductor layer side is 
above 1.08 eV, and that at the major surface on the first electrode layer side is above 1.17 eV. In the p-type semiconductor layer, the 
bandgap increase rate in the direction of the thickness of the p-type semiconductor layer in a first region on the n-type semiconductor 
layer side is different from that in a second region on the first element layer side. 
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1.17 


1.23 


2 — 7 


0.2 


0.3 


0.35 


1.14 


1.20 


1.23 


2 — 8 


0.2 


0.35 


0.35 


1.14 


1.23 


1.23 




0.2 


0.4 


0.35 


1.14 


1.26 


1.23 


2-10 


0.2 


0.45 


0.35 


1.14 


1.29 


1.23 


2-11 


0.2 


0.5 


0.35 


1.14 


1.33 


1.23 


2-12 


0.2 


0.55 


0.35 


1.14 


1.36 


1.23 


2 - 13 


0.2 


0.6 


0.35 


1.14 


1.40 


1.23 


2-14 


0.2 


0.65 


0.35 


1.14 


1.43 


1.23 


2-15 


0.2 


0.7 


0.35 


1.14 


1.47 


1.23 


2-16 


0.2 


0.75 


0.35 


1.14 


1.50 


1.23 


2-17 


0.2 


0.8 


0.35 


1.14 


1.54 


1.23 


2-18 


0.2 


0.85 


0.35 


1.14 


1.58 


1.23 


2-19 


0.2 


0.9 


0.35 


1.14 


1.61 


1.23 


2-20 


0.2 


0.95 


0.35 


1.14 


1.65 


1.23 


2-21 


0.2 


1.0 


0.35 


1.14 


1.69 


1.23 



f-^^:^"/^ 2 - 1 ~ 2 - 5 Cu (In, Ga) S e ^M*^ 
- 6 ~i^>'://^2 - 8 365^ Cu (In, Ga) S e g^t^/^:/ K^-Y y 
t), mi(Dmi^tm2(Dmi^t(DmX*. Cu (in, Ga) S e ^m<D 
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5 (^4) 







E g 


No. 


Gl 


G2 


Go 


Cgl 




ego 


3-1 


0.3 


0.0 


0.45 


1.2 


1.02 


1.29 


3-2 


0.3 


0.05 


0.45 


1.2 


1.05 


1.29 


3-3 


0.3 


0.1 


0.45 


1.2 


1.08 


1.29 


3-4 


0.3 


0.15 


0.45 


1.2 


1.11 


1.29 


3-5 


0.3 


0.2 


0.45 


1.2 


1.14 


1.29 


3-6 


0.3 


0.25 


0.45 


1.2 


1.17 


1.29 


3-7 


0.3 


0.3 


0.45 


1.2 


1.20 


1.29 


3-8 


0.3 


0.35 


0.45 


1.2 


1.23 


1.29 


3-9 


0.3 


0.4 


0.45 


1.2 


1.26 


1.29 


3-10 


0.3 


0.45 


0.45 


1.2 


1.29 


1.29 


3-11 


0.3 


0.5 


0.45 


1.2 


1.33 


1.29 


3-12 


0.3 


0.55 


0.45 


1.2 


1.36 


1.29 


3-13 


0.3 


0.6 


0.45 


1.2 


1.40 


1.29 


3-14 


0.3 


0.65 


0.45 


1.2 


1.43 


1.29 


3-15 


0.3 


0.7 


0.45 


1.2 


1.47 


1.29 


3-16 


0.3 


0.75 


0.45 


1.2 


1.50 


1.29 


3-17 


0.3 


0.8 


0.45 


1.2 


1.54 


1.29 


3-18 


0.3 


0.85 


0.45 


1.2 


1.58 


1.29 


3-19 


0.3 


0.9 


0.45 


1.2 


1.61 


1.29 


3-20 


0.3 


0.95 


0.45 


1.2 


1.65 


1.29 


3-21 


0.3 


1.0 


0.45 


1.2 


1.69 


1.29 



rr-e^ i^^^://^3 - 1 ~3 - 7 f*. Cu (In, Ga) S e ^MH^ 
- 8 /W3 - 1 0 3&S^ Cu (in, Ga) S e gJlt^/-^ V K=¥^ 

10 *3i9> %\.(OW$,h%'2.(Om$.h(n>f^-r^^ Cu (in, Ga) Seg^ 
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#v>„ i^>':7'/^3 - 1 ifi^l^fi. G 2 >G 3 T*fc5fci6^ _h5^bfc;*:^ 
5 |go:*:|^m?&^^:^i:-^*^^>^j:v^f-:^:7'/^■t?fc5, 



(*5) 







E g 


No. 


Gl 


G2 


03 


Egl 


Eg2 


Eg3 


4-1 


0.4 


0.0 


0.55 


1.26 


1.02 


1.36 


4-2 


0.4 


0.05 


0.55 


1.26 


1.05 


1.36 


4-3 


0.4 


0.1 


0.55 


1.26 


1.08 


1.36 


4-4 


0.4 


0.15 


0.55 


1.26 


1.11 


1.36 


4-5 


0.4 


0.2 


0.55 


1.26 


1.14 


1.36 


4-6 


0.4 


0.25 


0.55 


1.26 


1.17 


1.36 


4-7 


0.4 


0.3 


0.55 


1.26 


1.20 


1.36 


4-8 


0.4 


0.35 


0.55 


1.26 


1.23 


1.36 


4-9 


0.4 


0.4 


0.55 


1.26 


1.26 


1.36 


4-10 


0.4 


0.45 


0.55 


1.26 


1.29 


1.36 


4-11 


0.4 


0.5 


0.55 


1.26 


1.33 


1.36 


4-12 


0.4 


0.56 


0.55 


1.26 


1.36 


1.36 


4-13 


0.4 


0.6 


0.55 


1.26 


1.40 


1.36 


4-14 


0.4 


0.65 


0.55 


1.26 


1.43 


1.36 


4-15 


0.4 


0.7 


0.55 


1.26 


1.47 


1.36 


4-16 


0.4 


0.75 


0.55 


1.26 


1.50 


1.36 


4-17 


0.4 


0.8 


0.55 


1.26 


1.54 


1.36 


4-18 


0.4 


0.85 


0.55 


1.26 


1.58 


1.36 


4-19 


0.4 


0.9 


0.55 


1.26 


1.61 


1.36 


4-20 


0.4 


0.95 


0.55 


1.26 


1.65 


1.36 


4-21 


0.4 


1.0 


0.55 


1.26 


1.69 


1.36 



i^:/>^/l'4 - 1 ~4 - 9 Cu (In, Ga) Seg^^^ 
10 - 1 0 ~f->':7"/^4 - 1 2 iiS^ Cu (In, Ga) S e g^©^^:/ 
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T*5>9 , ^ 1 <Dm^t^ 2<Dm^t(DWiX^. Cu (In, Ga) Seg 

t>:^^#V^o 1^:/:7'/^4 - 1 3£it.|%»*. G 2 > G 3 X^feSfc*. -hizfeUfc 

^*&m?jS^^J s c (mA/cm^) , gg^JciiSmJEV o c (V) . ftH 
10 0^ (FF) *3 J: tJ^i^mSb^ (%) o^i:^^i?)fc„ ci. 1^— ^^3 i^t* 

^ ^ 6 ~^ 9 \^^'f'o 
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(^6) 



No. 


Jsc 
(mA/ cm^) 


Voc 
(V) 


F F 


(%) 


1 — 1 








1 A ft 


1 — 2 


3Q 8 


0 fi24 




lii Q 


1 — 3 


Oi7 • X 




O 672 


1ft ft 


J. *x 


oo*o 


U.OOu 




1 7 K 




O / 




n 79^ 


1 ft n 






rt ftft9 


n 7A1 


1 ft n 

xO. V 


1 — 7 

X / 




n fiQ/i 




17 7 
X / . / 


X O 


O X , O 


rt 704. 
I/, f 




1 ft ft 
xo . o 


X 57 




0 719 

V/. < XA 


O 77n 


1 ft 


J. JL V</ 


O'x ft 




u. / /o 




X X J. 


9^^ 
^O.u 


n 79ii 




1 Q Q 


1 — 12 


21 8 


0 72R 


0 78S 


12 4. 


1-13 


20.5 


0.730 


0.786 


11.7 


1-14 


19.4 


0.733 


0.789 


11.2 


1-15 


18.5 


0.735 


0.792 


10.8 


1-16 


17.7 


0.737 


0.794 


10.4 


1-17 


17.1 


0.738 


0.795 


10.0 


1-18 


16.5 


0.740 


0.797 


9.7 


1-19 


15.9 


0.742 


0.799 


9.5 


1-20 


15.5 


0.743 


0.801 


9.2 


1-21 


15.0 


0.744 


0.802 


9.0 
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(^7) 



No. 


JSC 
vUln./ Cm ) 


V 


F F 


( 0/ \ 

\ /o) 


2-1 


40.1 


0.618 


0.585 


14.5 


2-2 


39.6 


0.634 


0.633 


15.9 


2-3 


39.0 


0.652 


0.676 


17.2 


2-4 


38.3 


0.670 


0.712 


18.3 


2-5 


37.5 


0.687 


0.742 


19.1 


2-6 


36.4 


0.705 


0.764 


19.6 


2-7 


35.1 


0.721 


0.781 


19.7 


2-8 


33.4 


0.735 


0.792 


19.5 


2-9 


31.3 


0.748 


0.799 


18.7 


2-10 


29.0 


0.759 


0.802 


17.7 


2-11 


26.3 


0.767 


0.804 


16.2 


2-12 


23.7 


0.774 


0.806 


14.8 


2-13 


21.7 


0.779 


0.807 


13.6 


2-14 


20.0 


0.782 


0.809 


12.7 


2-15 


18.8 


0.785 


0.810 


12.0 


2-16 


17.8 


0.787 


0.811 


11.4 


2-17 


17.0 


0.790 


0.812 


10.9 


2-18 


16.4 


0.792 


0.813 


10.5 


2-19 


15.8 


0.794 


0.814 


10.2 


2-20 


15.2 


0.796 


0.815 


9.9 


2-21 


14.7 


0.797 


0.815 


9.6 
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(^8) 



No. 


Jsc 
(mA/cm^) 


Voc 
(V) 


F F 


(%) 


3-1 


89.3 


0.627 


0.486 


12.0 


3-2 


38.9 


0.643 


0.551 


13.8 


3-3 


38.4 


0.661 


0.616 


15.6 


3-4 


37.8 


0.680 


0.675 


17.3 


3-5 


37.1 


0.700 


0.722 


18.8 


3-6 


86.2 


0.721 


0.759 


19.8 


3-7 


85.1 


0.741 


0.784 


20.4 


3-8 


34.0 


0.760 


0.802 


20.7 


3-9 


33.0 


0.778 


0.813 


20.9 


3 — 10 


31.5 


0.794 


0.818 


20.4 


3-11 


29.5 


0.807 


0.821 


19.5 


3-12 


27.0 


0.818 


0.821 


18.1 


3-13 


24.2 


0.827 


0.819 


16.4 


3-14 


21.7 


0.833 


0.818 


14.8 


3-15 


19.7 


0.838 


0.817 


13.5 


3-16 


18.3 


0.842 


0.817 


12.6 


3-17 


17.3 


0.845 


0.817 


11.9 


3-18 


16.4 


0.847 


0.816 


11.3 


3-19 


15.7 


0.850 


0.816 


10.9 


3-20 


15.0 


0.852 


0.816 


10.5 


3-21 


14.5 


0.854 


0.816 


10.1 
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(^9) 



No. 


JSC 

KjRPi/ cxa ) 


V OC 


F F 


K /o) 


4-1 


37.9 


0.648 


0.303 


lA 


4-2 


37.7 


0.659 


0.359 


8.9 


4-3 


37.4 


0.674 


0.429 


10.8 


4-4 


37.0 


0.692 


0.510 


13.0 


4-5 


36.4 


0.711 


0.600 


15.5 


4-6 


35.6 


0.732 


0.679 


17.7 


4-7 


34.8 


0.754 


0.740 


19.4 


4-8 


33.9 


0.777 


0.780 


20.6 


4-9 


33.2 


0.799 


0.806 


21.4 


4-10 


32.3 


0.821 


0.820 


21.7 


4-11 


31.1 


0.840 


0.827 


21.6 


4-12 


29.7 


0.857 


0.829 


21.1 


4-13 


27.6 


0.871 


0.828 


19.9 


4-14 


24.9 


0.883 


0.823 


18.1 


4-15 


22.1 


0.891 


0.818 


16.1 


4-16 


19.7 


0.898 


0.814 


14.4 


4-17 


17.9 


0.903 


0.810 


13.1 


4-18 


16.7 


0.907 


0.808 


12.2 


4-19 


15.7 


0.911 


0.806 


11.5 


4-20 


15.0 


0.914 


0.803 


11.0 


4-21 


14.3 


0.917 


0.801 


10.5 



^i^tbG2. m^\t^m^^ (%) T-feSo ^mi±\^firi\irhm% (•) 

<^IB#J:i. Cu (In, Ga) S e 2® ^^:*3V^T. JH^I^ifcX ^ *S c d 
S P M o ^ dMt T — 5t O It ^ # o fc * ^ it in i- 5 G 2 CD -fit :Sr 
:^UTV^S„ apt,, Cu (In, Ga) S e 2 Jl *3 6 ^ 1 (7)15*^ ^ 
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fti^SC-efe-So m5iz^^J:^\z, G1=0. l(Dt^G2 = 0 

. 115.G1=0. 2<OttG2 = 0, 2 1 :L(Di^^ti: 

5 ^W(^^\-i^'mM%\±s G2>oz-^-h'!b^%mM(0^^^-:ffvm<o^^ 
Sr:^UTV^5„ HP*,, #jg|^^:*3V^T. (•) (Ol^m^ WMt^^iL^ 
^•^<oW^ m7L\t^ Gi = o. X(r>^^^^jvm(K>^^^ 0. 115< 

G2^0. 2^<r>m^(OmM) if^. Cu (In, Ga) SegJlO/^^^ 
10 ABLT*3!3. %\(Om.^h%2<n>W$.h(OWi'Xi. Cu (I n, Ga) S 

G1 = 0. 1 (^l^i^:?'/^!^©^'^', G2<0. 1 1 5 (^^*^) 

C u (In, Ga) S e ^•://V'iJ^ V— 7* K^^it 

^6~S9:}oj;tJ«ll|5lC^i-j;5tC, Cu (In, Ga) S e 
<ii:&nbT*5!9. ^l<^)^*|g<i:^2(^M^i:©PplT% Cu (In, Ga 

) s e ^m<omn■^'^(o^'^l^ y^nn^ii^^fii^-k,%nM-^\-t. 

20 ^tT.£A^O«^^W"rS (,m^\t. 3te®JlX^"^fc5Cu (In, Ga) 

ofco ^KJD^mfi^ GlJdSo. l£^± (fipt)x -'^^^ K=¥-^ ixr^'E g 1 jas 
1. 08eVJ^±) , OZ-h^O. 2 5J5^± (filJ-^x V K =3? >^ E g 
25 3:65 1. 17eVe;±) T'#;5 ^ ^ TV^ 5 o G 1 :dS 0 . 3 

(fipt>^ K'^^-Y ^x^T'E g l3iSl. 2 e V^ii) , G 3 ;6S 0 . 4 
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(mmm 2 ) 

5 mmm2X*l-i. I^T^^I 0~^1 4^;i:^i-ct G1. G2*5j; 

0^10 1 4 tc^i- J; 5 Jj:> m^mm 2 G 1 ^ G 3 t ©i[<D^ 

^0. Slc-^^tb. G 2 ^^fb$^T#btt5«l#14^W^bfCo 

t::?^^ ^ 1 0 ic:«G 1 = 0 . 1 (G3 = o. 4 ) oi^-a-tr^ * l 1 Jc« 

10 G1 = 0. 15 (G3 = 0. 45) (D^^^^ ^12 IZlfiG 1 = 0. 2 
(G 3 = 0 . 5) (Om^^. mi 3 \:HtG 1 = 0. 25 (G3 = 0. 5 
5) (Om-^^s *1 4l3:(iG 1 = 0. 3 (G3 = 0. 6) (Om^^Tj^ir 
o *fc. ^MIRIl i!!^^^-. ^10-^1 4}c«. ^^i^h^^^y-^B s 
l^R S 3(Dm.iiW\^\^7ri-i'. K'S?^ yt/E g 1 ~E g 3 r±x Jbia 

15 ^ (1) J:!3^i?)fc{ii:-Cfe§„ 
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(^10) 







E g 


No. 


Gl 


G2 


G3 


Egl 


Eg2 


Eg3 • 


5-1 


A 1 




A A 


1 Afi 
X.UO 


1 A9 
i.U/S 


1 O/I 


5-2 


U.l 


U.UO 


A A 


1 AQ 


1 AK 
I.UO 


1 on 
i.Zb 


5-3 


n 1 
u.l 


U. 1 


A A 


1 AQ 
i .Uo 


1 AQ 
i.Uo 


1 


5-4 


n 1 


U. ID 


A A 


1 AQ 
i.Uo 


1 11 
i. ii 


1 Od 

i.Zb 


5-5 


n 1 




A A 


1 AQ 
i.Uo 


1 1/1 
i.i4 


1 OQ 


5-6 


n 1 
u.l 


A QK 


A A 
U.4 


1 AQ 
i.Uo 


1.1/ 


l.Zb 


5-7 


n 1 

U. JL 


A Q 


A A 
U.4 


1 AQ 
i.Uo 


1 O 
i.Z 


1 oa 
i.Zb 


5-8 


U. i 


U.dO 


A A 
U.4 


1 AQ 

i.Uo 


1 OQ 


l.Zb 


5-9 


0 1 


A A 


A A 

U.*t 


1 A^ 
X.UO 






5-10 


0.1 


0.45 


0.4 


1.08 


1.29 


1.26 


5-11 


0.1 


0.5 


0.4 


1.08 


1.33 


1.26 


5-12 


0.1 


0.55 


0.4 


1.08 


1.36 


1.26 


5-13 


0.1 


0.6 


0.4 


1.08 


1.40 


1.26 


5-14 


0.1 


0.65 


0.4 


1.08 


1.43 


1.26 


5-15 


0.1 


0.7 


0.4 


1.08 


1.47 


1.26 


5-16 


0.1 


0.75 


0.4 


1.08 


1.50 


1.26 


5-17 


0.1 


0.8 


0.4 


1.08 


1.54 


1.26 


5-18 


0.1 


0.85 


0.4 


1.08 


1.58 


1.26 


5-19 


0.1 


0.9 


0.4 


1.08 


1.61 


1.26 


5-20 


0.1 


0.95 


0.4 


1.08 


1.65 


1.26 


5-21 


0.1 


1.0 


0.4 


1.08 


1.69 


1.26 



---e^ f-^^:r>'W5 - 1 ~5 - 3 fis Cu (In, Ga) S e 2®}dS 
-4'-1^:/://^5 - 9;05, Cu (in, Ga) S e 2®<D/-^>' K=¥^ 5/ 

5 T'ds, C d S^il!)d^e>MoP'(iyiJ:fRid='o-ci^^l>i-S:ii:5^j;<itJqbT*5 
H 1 ©^J^i:li2<^^i^^©^-e. Cu (In, Ga) S e zM<D 

10 „ •^^V7'/^5 - 1 O.^I^«. G 2 >G 3-e*>SfcJ?). Jia^b;^c:2!5:^|gcD 
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^ 1 






t/ g 






Gl 


G2 


G3 


Egl 


Eg2 




No 


Eg3 


fi — 1 

D X 


0.15 


0.0 


0.45 


1 11 
1.11 


1.02 


1.29 


C O 


0.15 


0.05 


0.45 


1 11 
1.11 


1.06 


1.29 


q 

o o 


0.15 


0.1 


0.45 


1 11 
1.11 


1.08 


1.29 




0.15 


0.15 


0.45 


1 11 
1.11 


1.11 


1.29 


D — O 


0.15 


0.2 


0.45 


1 11 
1.11 


1.14 


1.29 


ft 

D D 


0.15 


0.25 


0.45 


1 11 
1.11 


1.17 


1.29 




0.15 


0.3 


0.45 


1 11 
1.11 


1.20 


1.29 


ft — $2 
D O 


0.15 


0.35 


0.45 


1 11 
1.11 


1.23 


1.29 


6 — 9 


0.15 


0.4 


0.45 


in 


1.26 


1.29 


6-10 


0.15 


0.45 


0.45 


1.11 


1.29 


1.29 


6-11 


0.15 


0.5 


0.45 


1.11 


1.33 


1.29 


6-12 


0.15 


0.55 


0.45 


1.11 


1.36 


1.29 


6-13 


0.15 


0.6 


0.45 


1.11 


1.40 


1.29 


6-14 


0.15 


0.65 


0.45 


1.11 


1.43 


1.29 


6-15 


0.15 


0.7 


0.45 


1.11 


1.47 


1.29 


6-16 


0.15 


0,75 


0.45 


1.11 


1.50 


1.29 


6-17 


0.15 


0.8 


0.45 


1.11 


1.54 


1.29 


6-18 


0.15 


0.85 


0.45 


1.11 


1.58 


1.29 


6-19 


0.15 


0.9 


0.45 


1.11 


1.61 


1.29 


6-20 


0.15 


0.95 


0.45 


1.11 


1.65 


1.29 


6-21 


0.15 


1.0 


0.45 


1.11 


1.69 


1.29 



r^l-e. f- VT'/Pe - 1 ~ 6 - 4 (i, Cu (In, Ga) S e 2jg:6S 
- 5 ~f-^^::^/w6 - 1 0 C u (in, Ga) S e 2^05/^:^ 
*5!5, %\(oW^h%2.(r:>W$.h(n>Wi-Q^ Cu (in, Ga) S e 2^ 
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#V^o i^vy/V'6 - 1 1 j^l^t*. G 2 >G 3 T'fe5fc:i?)> ±^Vtc:^^ 

K <^ :*: ^ m m 4 V ^ 1^ >- /i^ -C & -5 „ 
5 (^12) 







E g 


No. 


Gl 


G2 


G3 


Egl 


Eg2 


Eg3 


7-1 


0.2 


0.0 


0.5 


1.14 


1.02 


1.33 


7-2 


0.2 


0.05 


0.5 


1.14 


1.05 


1.33 


7-3 


0.2 


0.1 


0.5 


1.14 


1.08 


1.33 


7-4 


0.2 


0.15 


0.5 


1.14 


1.11 


1.33 


7-5 


0.2 


0.2 


0.5 


1.14 


1.14 


1.33 


7-6 


0.2 


0.25 


0.5 


1.14 


1.17 


1.33 


7-7 


0.2 


0.3 


0.5 


1.14 


1.20 


1.33 


7-8 


0.2 


0.35 


0.5 


1.14 


1.23 


1.33 


7-9 


0.2 


0.4 


0.5 


1.14 


1.26 


1.33 


7-10 


0.2 


0.45 


0.5 


1.14 


1.29 


1.33 


7-11 


0.2 


0.5 


0.5 


1.14 


1.33 


1.33 


7-12 


0.2 


0.55 


0.5 


1.14 


1.36 


1.33 


7-13 


0.2 


0.6 


0.5 


1.14 


1.40 


1.33 


7-14 


0.2 


0.65 


0.5 


1.14 


1.43 


1.33 


7-15 


0.2 


0.7 


0.5 


1.14 


1.47 


1.33 


7-16 


0.2 


0.75 


0.5 


1.14 


1.50 


1.33 


7-17 


0.2 


0.8 


0.6 


1.14 


1.54 


1.33 


7-18 


0.2 


0.85 


0.5 


1.14 


1.58 


1.33 


7-19 


0.2 


0.9 


0.5 


1.14 


1.61 


1.33 


7-20 


0.2 


0.95 


0.5 


1.14 


1.65 


1.33 


7-21 


0.2 


1.0 


0.5 


1.14 


1.69 


1.33 



C^T^ 1^ VTT'/l-r - 1 ~ 7 - 5 Cu (In, Ga) S e 2^:6? 
- 6 ~1^i^:7'/^7 - 1 1 3^5^ Cu (In, Ga) S e 2^ K^f ^ 

10 *3I9, ^\(OW$.h%1(D^Wi,h(OWi-Q. Cu (In, Ga) Seg^ 
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tV^„ f-i^:?'/^? - 1 2ei^|^fi, G 2 >G 3 -^feSfcfe. ±7&Vfz:^m 
5 §^oi;^m?&fc^l-^^tvJfev^i^:/:r>'^-efcSo 



(^13) 







E g 


No 


Gl 


G2 


G3 


Egl 


Eg2 


Eg3 


8 — 1 

O JL 


0.25 


0.0 


0.56 


1.17 


1.02 


1.36 


8 — 2 


0.25 


0.05 


0.55 


1.17 


1.05 


1.36 


8-3 


0.25 


0.1 


0.55 


1.17 


1.08 


1.36 


8 - 4 


0.25 


0.15 


0.55 


1.17 


1.11 


1.36 


8-5 


0.25 


0.2 


0.55 


1.17 


1.14 


1.36 


8-6 


0.25 


0.25 


0.55 


1.17 


1.17 


1.36 


8-7 


0.25 


0.3 


0.55 


1.17 


1.20 


1.36 


8-8 


0.25 


0.35 


0.55 


1.17 


1.23 


1.36 


8-9 


0.25 


0.4 


0.55 


1.17 


1.26 


1.36 


8-10 


0.25 


0.45 


0.55 


1.17 


1.29 


1.36 


8-11 


0.25 


0.5 


0.55 


1.17 


1.33 


1.36 


8-12 


0.25 


0.55 


0.55 


1.17 


1.36 


1.36 


8-13 


0.25 


0.6 


0.55 


1.17 


1.40 


1.36 


8-14 


0.26 


0.65 


0.65 


1.17 


1.43 


1.36 


8-15 


0.25 


0.7 


0.55 


1.17 


1.47 


1.36 


8-16 


0.25 


0.75 


0.55 


1.17 


1.50 


1.36 


8-17 


0.25 


0.8 


0.55 


1.17 


1.54 


1.36 


8-18 


0.25 


0.85 


0.55 


1.17 


1.58 


1.36 


8-19 


0.25 


0.9 


0.55 


1.17 


1.61 


1.36 


8-20 


0.25 


0.95 


0.55 


1.17 


1.65 


1.36 


8-21 


0.25 


1.0 


0.55 


1.17 


1.69 


1.36 



1^>'>^/^8 - 1 ~ 8 - 6 tt^ Cu (in, Ga) S e a^dS 
10 - 7 ^-t^Zf/US - 1 2i!>^^ Cu (In, Ga) S e O/^:^ K^-^ 
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*3t?, ^l(Dmmtm2(D^mt(DmX. Cu (in. Oa) SeaJS 
#V^„ f-i/:7'/P8 - 1 S^l^tt, G 2 >G 3 -t?fe5;t45>. Jij^bfc;*:^ 

1^ <^ JJi * ti/ V ^ 1^ :/>'v t? 5 o 



(^14) 







E g 


No. 


Gl 


G2 


G3 


Egl 


Eg2 


Eg3 


9-1 


0.3 


0.0 


0.6 


1.20 


1.02 


1.40 


9-2 


0.3 


0.05 


0.6 


1.20 


1.05 


1.40 


9-3 


0.3 


0.1 


0.6 


1.20 


1.08 


1.40 


9-4 


0.3 


0.15 


0.6 


1.20 


1.11 


1.40 


9-5 


0.3 


0.2 


0.6 


1.20 


1.14 


1.40 


9-6 


0.3 


0.25 


0.6 


1.20 


1.17 


1.40 


9-7 


0.3 


0.3 


0.6 


1.20 


1.20 


1.40 


9-8 


0.3 


0.35 


0.6 


1.20 


1.23 


1.40 


9-9 


0.3 


0.4 


0.6 


1.20 


1.26 


1.40 


9-10 


0.3 


0.45 


0.6 


1.20 


1.29 


1.40 


9-11 


0.3 


0.5 


0.6 


1.20 


1.33 


1.40 


9-12 


0.3 


0.55 


0.6 


1.20 


1.36 


1.40 


9-13 


0.3 


0.6 


0.6 


1.20 


1.40 


1.40 


9-14 


0.3 


0.65 


0.6 


1.20 


1.43 


1.40 


9-15 


0.3 


0.7 


0.6 


1.20 


1.47 


1.40 


9-16 


0.3 


0.75 


0.6 


1.20 


1.50 


1.40 


9-17 


0.3 


0.8 


0.6 


1.20 


1.54 


1.40 


9-18 


0.3 


0.85 


0.6 


1.20 


1.58 


1.40 


9-19 


0.3 


0.9 


0.6 


1.20 


1.61 


1.40 


9-20 


0.3 


0.95 


0.6 


1.20 


1.65 


1.40 


9-21 


0.3 


1.0 


0.6 


1.20 


1.69 


1.40 



10 rrT% 1~9- 7{i, Cu (In, Ga) S q ^Mt"^ 
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- 8 ~f-:/7'/^9 - 1 3 Cu (In, Ga) S e <0 \^ ^ ^ 
*3«9, ^l(Om^hm2<D^i$l,b<om'^. Cu (In, Ga) S q 

tV^o f-^-T'/l'S - 1 4^^;^i^{i. G 2 > G 3 "Cfc S fc -hi&bfc;2|c^ 

a I V3i/tr^TV^. s c (mA/cm^) , ^:^SSm 

BEVoc (V) , ft^H-?^ (FF) *3j:TJ«^m^^ (%) (Z^ffi^^ibfc 
o *1 5~^1 9J;i^i-„ 
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(^15) 



No. 


Jsc 
(mA/cm^) 


Voc 
(V) 


F F 


(%) 


5 — 1 


40 2 


0 617 


0 621 


X Ll •*X 


5 — 2 


39 7 


0 633 


0 659 

XJ n\J KJ kJ 


16 5 

X\J sCf 


5 — 3 


39 0 


0 649 


0 692 


17 5 

X 1 


5 — 4 


3R 4 


0 666 


0 719 

\j* 9 X^ 


1ft 4 


5 — 5 


37 R 


0 681 


0 740 


19 0 

JL kJ m\J 


5 — 6 


3fi 7 


0 695 


0 756 

\Jm 1 


19 3 


5 — 7 


3K ft 


0 706 

V/. 1 wo 


O 767 


1 Q 3 

X C7 . 0 




34 2 


0 716 

\J w t X\J 


0 774 


1 ft 9 

X O > 


5 — 9 


32 ft 


0 723 


0 779 


1ft 5 
xo • u 


«J X id/ 


O X , V/ 


n 79ft 

V/* 1 i^O 


n 7ft 1 


X f .O 




2ft ft 


0 731 


0 7ft4 


1ft 4 


5 — 12 


25 9 


0.733 


0 785 


14 9 


5-13 


23.4 


0.735 


0.787 


13.5 


5-14 


21.3 


0.736 


0.789 


12.4 


5-15 


19.8 


0.737 


0.791 


11.6 


5-16 


18.7 


0.738 


0.793 


10.9 


5-17 


17.8 


0.740 


0.795 


10.5 


5-18 


17.0 


0.741 


0.797 


10.1 


5-19 


16.4 


0.742 


0.799 


9.7 


5-20 


15.8 


0.744 


0.800 


9.4 


5-21 


15.3 


0.745 


0.801 


9.1 
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(^16) 



No. 


Jsc 
(tuA/cm^) 


Voc 
(V) 


F F 


(%) 


6 — 1 


39.9 


0.620 


0.620 


15.4 


6-2 


39,4 


0.637 


0.662 


16.6 


6 — 3 


38.8 


0.655 


0.698 


17.7 


6 — 4 


38.2 


0.673 


0.729 


18.7 


6 — 5 


37.5 


0.690 


0.753 


19.5 


6 — 6 


36.6 


0.707 


0.770 


19.9 


6 — 7 


35 6 


0,721 


0.783 


20.1 


6 — 8 


34 5 


0.733 


0.791 


20.0 


6 — 9 


33 5 

vet-/ 


0,742 


0.796 


19.8 


6 — 10 


31 9 


0.750 


0.799 


19.1 


6 — 11 


30 0 


0.755 


0.800 


18.1 


6 — 12 


27.6 


0.758 


0.801 


16.7 


6-13 


24.9 


0.760 


0.800 


15,1 


6-14 


22.3 


0.761 


0.802 


13.6 


6-15 


20.4 


0.762 


0.803 


12.5 


6-16 


19.0 


0.764 


0.804 


11.7 


6-17 


17.9 


0.765 


0.806 


11.1 


6-18 


17.1 


0.767 


0.807 


10.6 


6-19 


16.3 


0.768 


0.808 


10.1 


6-20 


15.7 


0.770 


0.809 


9.8 


6-21 


15.2 


0.771 


0.810 


9.5 



34 



wo 2004/090995 



PCT/JP2004/005125 



(^17) 



No. 


J o V 
fmA/cm^) 

\U1/X/ will / 


Voc 
(V) 


F F 


lyi yyJ -1" 
\ /o J 


7-1 


39.6 


0.624 


0.608 


15.0 


7-2 


39.1 


0.641 


0.655 


16.4 


7-3 


38.5 


0.659 


0.696 


17.7 


7-4 


37.9 


0.679 


0.731 


18.8 


7-5 


37.2 


0.698 


0.759 


19.7 


7-6 


36.4 


0.716 


0.779 


20.3 


7-7 


35.5 


0.733 


0.793 


20.6 


7-8 


34.5 


0.748 


0.803 


20.7 


7-9 


33.7 


0.761 


0.808 


20.7 


7-10 


32.5 


0.770 


0.812 


20.3 


7-11 


31.0 


0.777 


0.813 


19.6 


7-12 


29.1 


0.783 


0.813 


18.5 


7-13 


26.6 


0.786 


0.813 


17.0 


7-14 


23.8 


0.788 


0.811 


15.2 


7-15 


21.3 


0.789 


0.811 


13.7 


7-16 


19.5 


0.790 


0.812 


12.5 


7-17 


18.2 


0.792 


0.813 


11.7 


7-18 


17.2 


0.793 


0.813 


11.1 


7-19 


16.4 


0.795. 


0.814 


10.6 


7-20 


15.7 


0.796 


0.814 


10.2 


7-21 


15.1 


0.798 


0.815 


9.8 
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(^18) 



No. 


JSC 

(mA/cm ; 


Voc 
\y) 


F F 


(%) 


8-1 


39.3 


0.627 


0.575 


14.2 


8-2 


38.7 


0.645 


0.631 


15.7 


8-3 


38.2 


0.663 


0.681 


17.3 


8-4 


37.6 


0.683 


0.723 


18.6 


8-5 


36.9 


0.704 


0.757 


19.6 


8-6 


36.1 


0.724 


0.781 


20.4 


8 — 7 


35.8 


0.748 


0.799 


20.9 


8-8 


34.4 


0.761 


0.810 


21.2 


8-9 


33.6 


0.777 


0.817 


21.4 


8-10 


32.7 


0.790 


0.821 


21.2 


8-11 


31.6 


0.799 


0.823 


20.8 


8-12 


30.2 


0.807 


0.823 


20.0 


8-13 


28.1 


0.812 


0.822 


18.8 


8-14 


25.4 


0.815 


0.820 


17.0 


8-15 


22.7 


0.816 


0.818 


15.1 


8-16 


20.3 


0.818 


0.817 


18.6 


8-17 


18.6 


0.819 


0.817 


12.5 


8-18 


17.4 


0.821 


0.817 


11.7 


8-19 


16.4 


0.823 


0.817 


11.0 


8-20 


15.7 


0.824 


0.817 


10.6 


8-21 


16.0 


0.826 


0.817 


10.1 
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(^19) 



No. 


T o r» 
J SO 

vmA/cm ) 


Vnr 

\^ ) 


F F 


\ /o) 


9-1 


38.8 


0.631 


0.512 


12.5 


9-2 


38.4 


0.649 


0.579 


14.4 


9-3 


37.8 


0.667 


0.643 


16.2 


9-4 


37.2 


0.687 


0.699 


17.9 


9-5 


36.5 


0.708 


0.743 


19.2 


9-6 


35.8 


0.730 


0.776 


20.3 


9-7 


34.9 


0.751 


0.798 


20.9 


9-8 


34.2 


0.772 


0.813 


21.4 


9-9 


33.5 


0.791 


0.822 


21.8 


9-10 


32.7 


0.807 


0.827 


21.8 


9-11 


31.8 


0.820 


0.830 


21.6 


9-12 


80.7 


0.830 


0.830 


21.1 


9-13 


29.1 


0.837 


0.829 


20.2 


9-14 


26.9 


0.842 


0.827 


18.7 


9 — 15 


24.3 


0.845 


0.824 


16.9 


9-16 


21.6 


0.847 


0.821 


15.0 


9 — 17 


19.4 


0.848 


0.819 


13.4 


9-18 


17.7 


0.850 


0.818 


12.3 


9-19 


16.6 


0.852 


0.817 


11.5 


9-20 


15.7 


0.854 


0.816 


10.9 


9-21 


15.0 


0.855 


0.816 


10.4 



9 0^^©— gp^^ mQ\^7f^^o J^^3b\ m 6 III 5 l^^cQ^IB^fT 

5 ^ 1 1 9 *3 J;t;«|g 6 JZl^-f-J; 5 Cu (In, Ga) Seg 

m(0^^l^ C d SJl'(B!l:&^e3MoS#JJJl|R]d^oTM^!>-t"Sr. 

kti<^iiw\^x^y) . m'^(om.i^tm2(Dm%t(omx*. cu (in. 
fi. ^fh&.^<om^^^-r^ m^^. %m.'^mx^^cM (in, g 
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:z.<o^^\-t^ Gxt^o. ifiii 
5 ^JA± (SP*)^ /^^^ K'^-^' 5/:/E g 3 1 . 3 e V^_h) (^f-^'lT'/H^ 
5 i:ds^5&>ofco ^fejzis Gi:aso. 3JB;± (Bp-^. K y E 

mnm i bmMm2. t^^tm.'t^t. g i i:G 3 b(om(omj^ 

0. 1 5 OB# J; 19 0 . 3O0#o:^;&5 (BP*,, E g 1 i: E g 3 
10 i^o. 0 9 e v<DNFa: 19 tiJ^o. 1 9 e v<dNf(^::^*5) ^ g^l^^^jz:^ 

^ S * *5 J; t>* g& ffl i 5 -r T o ^ H ^ ti. t ^ * ti. S , 
{tMi4-^#tt<^$ b''ji5l^i]-h:65^#T*#5o 

25 
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n (D m m 
mmm t<D^ \zmm ^ntip ^^mnp^m t > mm p j^^mi^m t striae 

10 BUlBn?^^^^Ma!l<Z>^®JC4bMtSH&IBp?l^^^{*:@(D/^^^ F'^-Y 
ZfH^l. 0 8 e VisiJi-efe «9 . 

tirlBll 1 <^m^M^<^>^®tJ:*3itsMiap?i^^^#:^©/-<i^ Kdj!^ 5, 
15 iB^ 1 ©m^^ffia(Dm2 ora-Cx HtfiBp?i^¥#<^s@<^i^Ji:^iRi 

2. «frfBn?^iH^^<^5:^^iy©^®t;i:i3ttSt«rlBp?l^^^#:^(7>/^:x Kd^^ 

20 

3 . «&fB^ 1 ©m^P#l<^^®t3i*5{ts^trfap?i^^^#:Ji<^^-^:^ K=¥^ 
s/:/365i. 3 e v£iL±-efc5m5^3® 1 lc|B4fe©:*:|^ffimo 
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5 . HffIB I b m7i.m-d^ CuX-hy) . B&IBIII b Mynrnt^ In. G a J: 

5 ±mw,^o 

6. H(iiaillbi^7c^;65 I G sii3i:XJ^Ali>>hm^fi^^Pti:< th 

a 

7. S&|2IIIb:^7C^;5$G a ^-^^Zf., 

IBM 1 <Dmmmm<Dm 2 (d^j^ i: o^-c. ^la p ^^^mi^m(Dmm:^\^ 

20 

25 9. tulBIIIbt^7n^;a5A 1 S:-^^, 

HulBp?i^¥^<*:^l-*5JtSBiflBIIIbJ^7n^t^*fi-5A 1 (om'f'^iit 
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365, mmnm^m^i^mmfi^^m^m i (Dmmmm\^\^i>^^xwp-i-?> ^ 

tan 1 (Dmmmm<Dm 2 (omm t(Dm-x^. bItib p j^^mi^m(Dmm:^m 

Btfia^^#:®{*s mmmmm(Dm 1 o^^i: tuia^ 1 <Dmmmm(Dm 

o 

10 10. mmf^i(Dmm^^if^mmm^mit(DmMm^^-h. mmmz 

SSIBm 1 <^maJi<i!)o^®^^fcMtaHtriEp?^^^^^m<^pfi5j!^^^#:W: 

1 2. Hfrfan?i^^^^$:JltiJ<^)^®^3:*5ttSfttrlBp?l^^^f2|sJi<Dt&IBJm^ 
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